Introduction: Dengue virus (DENV) infection is currently a major cause of morbidity in the world, and its incidence has mainly increased during the last years in Latin America, including Paraguay. The objective of this study was to compare the clinical and laboratory findings of dengue and assess whether the serotype is a risk factor for severity. Methodology: We included patients ≤ 15 years old hospitalized with dengue at the Institute of Tropical Medicine, from Paraguay, from 2007 to 2018. Patients were classified according to the 2009 WHO dengue classification guidelines and were stratified by serotype into three groups according to the hospitalization period: the 2007 epidemic (DENV-3), the 2012-2013 epidemic (DENV-2) and the 2016-2018 epidemic (DENV-1). Results: Of 784 children hospitalized for dengue, 50 cases (6.3%) were caused by DENV-3, 471 (60%) by DENV-2, and 263 (33.5%) by DENV-1. Myalgias and headache were associated with DENV-3 cases and abdominal pain was associated with DENV-2 cases. Bleeding was observed mainly in DENV-1 and 2 cases. Patients with DENV-2 infections experienced more severe disease, required fluid expansion more frequently, and exhibited more often shock and admission in the ICU. Secondary cases of dengue were more severe that primary cases. Patients with infection by DENV-2 had longer hospital stays (5.1 ± 2.8 days) when compared to DENV-3 o DENV-1 infection cases (2.9 ± 1.6 days and 4.36 ± 2.7 days, respectively) (p < 0.05). Conclusions: The DENV serotype has a profound impact on the clinical manifestations and severity of dengue. DENV-2 infections were associated more frequently to requirement of fluid expansion, shock, and longer hospital stay.
Introduction
Dengue is one of the most prevalent arboviral infections [1] . It is transmitted by mosquitoes of the genus Aedes, mainly A. aegypti. Each year, approximately 50 to 80 million cases of dengue occur throughout the world with 500000 people requiring hospitalization and dengue being responsible for 12,000 to 24,000 death per year [1] [2] [3] .
Dengue virus (DENV) has four serotypes, named from 1 to 4 [2] . Infections with different serotypes cause identical clinical syndromes [4] . Multiple factors have been suggested to contribute to severe dengue, such as age of patients [5] , viral load [6] , secondary infections [7] , and serotypes [8] . Previous reports of dengue in children have suggested that infections with DENV-2 and DENV-3 are related to more severe forms of the disease than the other serotypes [9] [10] [11] [12] , while others authors have reported that DENV-1 causes more severe forms of the illness [13, 14] . Additionally, there would be some differences in the severity of the disease depending on the geographic region where dengue is found. In fact, it has been reported that DENV-2 and DENV-3 infections from non-Southeast Asia regions, as well as DENV-2, DENV-3 and DENV-4 from the Southeast Asia region, resulted in a greater percentage of severe infections [15] .
Paraguay is a country with a high-endemicity epidemiological profile of dengue, with periodic significant epidemic outbreaks [16] . The country has been affected by different DENV serotypes in the last decade, with a well-differentiated pattern showing a particular serotype circulating virtually exclusively during the different epidemics. Therefore, the objective of this study was to analyze in Paraguay the clinical and laboratory characteristics of dengue cases based on serotype and to determine if there is an association between the serotypes and dengue severity.
Methodology

Study design, population and setting
This was an observational, descriptive and retrospective study and was conducted at the Institute of Tropical Medicine of Paraguay. This institution is the main reference center for infectious and tropical diseases. All patients ≤ 15 years old hospitalized in the pediatric service with a diagnosis of dengue between 2007 and 2018 were included.
Definition of the circulating serotype
The circulating serotype in each epidemic was determined through sentinel surveillance at reference centers. At each sentinel center, samples were obtained from 10% of patients who meet the criteria for suspected cases of dengue as well as from all critical patients who required admission to the hospital. The samples were sent to the Central Public Health Laboratory where the determination of the circulating DENV serotype was carried out through the RT-PCR method [17] .
Serological and dengue antigen detection studies
In most patients, when the evolution time of the fever was less than 5 days, demonstration of DENV NS1 protein by immunochromatography (Bioeasy, Standard Diagnostics INC, Republic of Korea) was done. Independently of evolution time, qualitative detection of IgG and IgM antibodies specific to dengue (anti-DENV IgG and IgM; SD Dengue IgM and IgG Capture enzyme-linked immunosorbent assay, StandardDiagnostics INC, South Korea) was performed in the majority of hospitalized cases. All the tests were carried out according to the manufacturer's' instructions.
Stratification of patients according to serotypes
Given that the circulation of DENV serotypes in the country has followed a very characteristic pattern, with virtually a single serotype circulating in different yearly epidemics, we were able to study the dengue patient population based on the year of hospitalization and the DENV serotype. Thus, hospitalized patients diagnosed with dengue during 2007 corresponded to DENV-1, hospitalized patients diagnosed with dengue during 2012-2013 corresponded to DENV-2, while hospitalized patients with diagnosis of dengue during 2016-2018 corresponded to DENV-1.
Definitions
We used the PAHO/WHO 2009 dengue definitions [4] . A suspicious case was confirmed by laboratory tests or by epidemiological link (in the epidemic period or in the context of the outbreak). Laboratory confirmation comprises at least one of the following laboratory results: presence of the NS1 antigen, de novo seroconversion of anti-DENV IgM antibodies, fourfold increase of IgG titers by neutralization test or virus genome identification by RT-PCR.
Severe dengue was defined by the occurrence of plasma leakage and/or fluid accumulation that led to shock (Dengue Schock Syndrome) or respiratory distress; and/or severe bleeding; and/or severe organ impairment. The nonsevere dengue group was divided into patients with and without warning signs. Cases of dengue with warning signs included the following symptoms and/or signs: abdominal pain, persistent vomiting, oral intolerance, clinical accumulation of fluid, bleeding of mucous membranes, lethargy/restlessness, precordial pain, hepatomegaly or laboratory data, such as thrombocytopenia (platelets less than 100,000/mm 3 ), and hemoconcentration, documented by the hematocrit increased up to 20% or more [18] . Only cases of dengue with warning signs or severe criteria were hospitalized.
Cases of dengue were defined as primary when patients at admission exhibited positive RT-PCR or NS1 antigen capture test with positive anti-DENV IgM and negative anti-DENV IgG. In the absence of positive RT-PCR or NS1 antigen test, the new detection of anti-DENV IgM with negative anti-DENV IgG was also considered a primary infection. Patients with positive RT-PCR or NS1 antigen test with positive anti-DEN IgG (with or without anti-DEN IgM positive) were considered to have a secondary DENV infection.
Statistical analysis
We compared the characteristics of patients infected with different DENV serotypes. Gender, age, presence of warning signs, laboratory findings and fluid therapy were particularly addressed. We used the chisquare test to compare proportions, and Student t test for categorical variables. Significant findings in univariate analysis were further assessed by multivariate logistic regression with correction for age and gender, with results given as Relative Risk (RR) and 95% confidence intervals (CIs).
Ethical clearance
This study was approved by the Ethics Committee of the Institute of Tropical Medicine. Informed consent was not obtained from parents or legal guardians because this is a retrospective study based on secondary data that did not use patient identification data.
Results
General characteristics
During the study period, 784 patients aged ≤ 15 years were admitted to the Institute of Tropical Medicine with a diagnosis of DENV infection. Demographic, clinical and laboratory data of the population are shown in Table 1 . The average age of the DENV patients admitted was 9.84 ± 4.46 years. The most frequently affected age group were children aged > 5 (84.3% of the total). Both genders were equally affected (male / female ratio 1:1).
When analyzing the clinical findings, fever was present in virtually all cases (98.5%). Other common symptoms of DENV disease such as headache, myalgia, and exanthema were observed in 59.4%, 46% and 38% of the patients, respectively. Gastrointestinal manifestations were prevalent in our series. Vomiting was observed in 506 patients (64.5%), and abdominal pain was found in 511 cases (65.2%). Furthermore, 25% of patients (n = 196) presented some type of bleeding (epistaxis, gingivorrhagia, hematuria, or metrorrhagia).
Regarding the laboratory data, the mean number of white blood cells at admission was 5,160 ± 3,427/mm 3 , the average level of hemoglobin was 14 ± 3.2 g/dL and the platelet counts were 87,691 ± 77,676/mm 3 . Liver involvement was frequent. The levels of alanine aminotransferase and aspartate aminotransferase at admission were 94 ± 329 IU/mL (normal up to 35 IU/mL) and 150 ± 465 IU/mL (normal up to 40 IU/mL), respectively.
Three hundred and sixty-one patients (46%) were admitted with signs of shock or developed shock during their hospitalization. The rest of the patients presented warning or severe signs without shock (n = 387, 49%). Seventy children (8.9%) required admission in the intensive care unit (ICU). The mortality in this series was 0.5% (5 patients).
Clinical manifestations and serotypes
The mean age of cases to DENV-1, -2 and -3 was 9.3 ± 5 years, 10.1 ± 4.1 years and 10.5 ± 2.9 years, respectively (p > 0.5) (Table 2) . Similarly, no differences were found in the gender. When symptoms were comparatively analyzed (Table 2) , rash was more frequent in those affected by DENV-2 (p < 0.05, RR 2.5, 95% CI 1.5-4.2). In contrast, patients with DENV-3 infections presented myalgia (p < 0.05, RR 1.58, 95% CI 1.3-1.9) and headache (p < 0.05, RR 1.25, 95% CI 1.1-1.5) more frequently. Regarding gastrointestinal manifestations, patients infected with DENV-2 presented abdominal pain more frequently when compared with those infected with DENV-3 (p < 0.01, RR 1.58, 95% CI 1.27-1.97) or DENV-1 (p < 0.01, RR 1.58, 95% CI 1.41-1.79). The presence of bleeding was similar among those infected by DENV-2 and DENV-1 (p = 0.5, RR 1.25, 95% CI 0.95-1.65) but higher when compared with DENV-3 (p < 0.01; RR 2.8, 95% CI 1.28-6.12). Finally, the presence of shock was significantly associated with infection by DENV-2 (p < 0.05, RR 12.5, 95% CI 4.2-37.5). Visceral (unusual) complications such as myocarditis, severe hepatitis and encephalitis were also analyzed in these DENV patients with no differences found between the different serotypes ( Table 3) .
Regarding the laboratory characteristics of DENV cases, the presence of thrombocytopenia < 100,000/mm 3 was significantly higher in DENV-1 infections (p = 0.014, RR 1.2, 95% CI 1-1.4). However, the incidence of hypoalbuminemia < 3.5 g/dL (p < 0.05, RR 1.9, 95% CI 1.3-2.6) and prolonged activated partial thromboplastin time (APTT)(p = 0.049; RR 1.66, 95% CI 1-2.8) were higher in DENV-2 infections. The frequency of liver involvement (measured in terms of increased transaminases) was similar in all three serotypes ( Table 2) . Patients with infection by DENV-1 and DENV-2 had hemoconcentration more frequently than those suffering from DENV-3 infection (p < 0.01, RR 6.45, 95% CI 3.41-12.22). Incidentally, patients with DENV-2 infections required fluid expansion more frequently (p < 0.01, RR 1.17, 95% CI 1.1-1.2) and had more frequent admission in ICU (p < 0.01; RR 2.65, 95% CI 1.46-4.8) (Table 4 ). Finally, patients with DENV-2 infection had longer hospital stays (5.1 ± 2.8 days) when compared to patients with DENV-3 (2.9 ± 1.6 days) or DENV-1 (4.36 ± 2.7 days) infection (p < 0.05) ( Table 2) .
Characteristics of primary and secondary DENV disease according to serotype
We analyzed the pattern of secondary DENV infections (Tables 4 and 5 ). When the epidemic by DENV-3 occurred in Paraguay in 2007, the majority of the cases were primary as cases of DENV in Paraguayan children by 2007 were sporadic. After 2007, there were no cases of infection with DENV-3. Thus, the majority of secondary infections were caused by DENV-1 or DENV-2. When comparing the clinical presentation of cases with primary infection (n = 204) versus secondary infection (n = 27) caused by DENV-1 (Table 4) , there were no differences in the frequency of general symptoms. However, abdominal pain was identified more frequently in cases of secondary infection (p = 0.006, RR 1.65, 95% CI 1.2-2.2) ( Table  5 ). Regarding laboratory tests findings, an increase in liver enzymes (p = 0.027, RR 2.9, 95% CI 1.1-7.5) and hypoalbuminemia (p = 0.004, RR 3.1, 95% CI 1.4-6.8) were significantly associated with secondary infection. These findings showing a greater illness severity are consistent with the higher fluid therapy rates in secondary cases of DENV-1 (p < 0.05, RR 0.82, 95% CI 0.68-0.98) and a higher trend to shock (p = 0.07) (Table 4 ). However, overall the frequency of shock was low in patients with primary or secondary infection caused by DENV-1.
Similar results were observed when secondary cases of DENV-2 infection were analyzed ( Table 5 ). Markers of severe disease such as vomiting (p = 0.049; RR 1.15, 95% CI 1-1.3), abdominal pain (p = 0.003; RR 1.2, 95% CI 1-1.3) and presence of bleeding (p = 0.033; RR 1.5, 95% CI 1-2.3) were found more frequently in secondary cases. In addition, secondary cases showed more frequently thrombocytopenia < 100,000/mm 3 (p < 0.05; RR 0.62, 95% CI 0.5-0.8), increase in liver enzymes (p = 0.04, RR 3.24, 95% CI 1-10.8) and hypoalbuminemia (p = 0.007; RR 7.5, 95% CI 1.1-2.1). This increase in severity was translated into higher rates of fluid treatment in secondary cases of DENV-2 (p = 0.044; RR 1.04, 95% CI 1-1, 1). However, the incidence of established shock was similar in both primary and secondary cases caused by DENV-2 ( Table 5 ).
Discussion
The recent introduction and establishment of multiple circulating serotypes of DENV in several regions of the world, including South America, has increased the importance of understanding and characterizing the role of each serotype in the clinical presentation and evolution of DENV disease [8] [9] [10] [11] [12] [13] [14] [15] .
This cross-sectional study showed that the distribution of age groups and gender was similar in infections by different DENV serotypes. Among the general symptoms, children hospitalized with DENV-3 infection had a higher prevalence of musculoskeletal manifestations (myalgias) (p< 0.05; OR 1.58, 95% CI 1.3-1.9) and headache (p < 0.05; RR 1.25, 95 % CI 1.1-1.5) compared to infections with DENV-1 and DENV-2. Halsey et al. [8] had similar findings in a study performed in several Latin American countries, which included 466 patients under the age of 20. However, Yung et al. [13] in a study of adult population in Singapore did not find differences in the frequency of musculoskeletal manifestations and headache among infections with the DENV-1, -2 or -3.
Cutaneous manifestations were reported in 38% of the patients. Individuals with DENV-2 infection presented cutaneous manifestations more frequently than those infected with other serotypes. This is in correspondence with the findings of Halsey et al. [8] . Although the frequency of vomiting was similar in DENV cases caused by different serotypes, the presence of abdominal pain was more frequent in infections with DENV-2. This phenomenon was previously reported by Thomas et al. [19] in a Martinique population and Kumaria R [20] in India. However, in the study by Halsey et al. [8] this finding was most frequently associated with DENV-3. However, as in this previous study only 16 pediatric patients with DENV-2 infection were included, results might be biased and may not be comparable to our study. Although only 21.7% of the patients in the present series had hemorrhagic manifestations, they were more frequent in infections with DENV-1 and DENV-2 compared to infections with DENV-3.
The analysis of the laboratory profile of DENV cases showed some interesting differences. Although there was no difference in the white blood cell count in cases related to different serotypes, a finding previously reported by other authors [21] , the frequency of thrombocytopenia (platelets less than 100,000/mm 3 )was higher in infections with DENV-1 and DENV-2 compared to DENV-3 (0.014, RR 1.2, 95% CI 1-1.4). Rodrigues da Costa Faria et al. [22] in Brazil, also found that cases of DENV-2 exhibited higher decrease in platelets number. However, Balmaseda et al. [11] found that the incidence of thrombocytopenia was higher in infections with DENV-1 compared to cases of DENV-2. Additionally, Fried et al. in Thailand [23] did not find differences in the incidence of thrombocytopenia when they compared cases of DENV caused by the four serotypes.
Two additional findings were highly related to the viral serotype. Hypoalbuminemia and hemoconcentration were observed more frequently in DENV-1 and DENV-2 infections. Since both factors are an expression of the capillary leakage phenomenon, this could explain the severity increase of DENV-1 and DENV-2 infections compared to DENV-3. In relation to these observations, 98% of patients with DENV-2 infection and 84% with DENV-1 infection required one or more fluid treatments with physiologic saline, which was more than the required by patients with DENV-3 infection. Furthermore, the presence of shock, which represents the most severe expression of the disease, was significantly associated with DENV-2 infection (< 0.05, RR 12.5, 95% CI 4.2-37.5).
The relationship between DENV serotypes and the severity of disease has previously been addressed in a number of works. Several chracteristics influence the severity of the disease such as age of patients, viral load, secondary infection, and the force of infection observed in a particular epidemic period [5-7, 15, 22-24] .
However, it is probably that the serotype may be the main factor that influences the disease severity. In this sense, the associationof severity increase with DENV-2 was previously reported by Vaughn et al. [10] in Thailand, Balmaseda et al. [11] in Nicaragua and Thomas et al. [12, 19] in Martinique. However, Yung et al. [13] in Singapore and Anantapreecha et al. [14] in Thailand reported that DENV-1 was most frequently associated with severe forms.
Our study showed also that secondary cases of DENV infection, both caused by serotype 1 and 2, were more severe than primary cases and confirm partly the pioneering observations of Halstead [25] that cases of secondary dengue may be more severe than the primary cases. One of the important hypotheses that explain the severity of secondary cases of DENV is that after an infection by a certain serotype a long-lasting homotypic immunity is generated for subsequent episodes of infection with the same serotype and a short-lived heterotypic immunity against different serotypes causing the primary infection. However, long-lasting antibodies do not neutralize DENV of different serotypes but improve the entry of DENV into cells that express the Fc receptor, a phenomenon known as antibody-dependent enhancement or ADE [26] . It is therefore possible that in Paraguay, where successive epidemics and different serotypes have occurred in the last decade, a phenomenon of immune enhancement could be taking place.
Several reasons can explain why DENV severity varies in different parts of the world and in the same location. Studies of our group have shown that severe cases of DENV exhibit a particular profile of cytokines (higher levels of IFN I) [27] . It is likely that differences in the cytokine profile in relation to the viral serotype and within a serotype occur depending on whether it is a primary or secondary infection. Moreover, the DENV polyprotein shows a 30% divergence among the four serotypes. Within each serotype there are several genotypes that have a geographical distribution. Some data indicate that genetic changes in DENV strains could directly affect the expression of disease in infected humans [28] . In this sense, it has been shown that DENV-2 of Asian origin replicates to higher titers in human dendritic cells, infects A. aegypti mosquitoes more efficiently and is transmitted at a higher rate than American DENV-2 strains [29] [30] . The change of genotype within the same serotype can occur in the same country over the years. This phenomenon was observed with DENV-4 in Puerto Rico where three major epidemics occurred in 1982, 1986 and 1998; however, the last two epidemics were caused by different subtypes [31] . Similar changes of subtypes of DENV-2 were observed in Brazil and Peru where the circulation of a different lineage of American/Asian DENV-2 genotype was the cause of more severe forms [32, 33] .
This study has several limitations. The retrospective design may have influenced the data collection of different characteristics of the patients. However, because the same medical team dealt with all of the patients, this aspect may have been minimized. Another limitation is that the study site is a reference center. This may have caused a population bias resulting in the most seriously ill patients being referred to the institution. However, as the same situation was present during the different epidemics, the study findings cannot be explained by this single factor.
Finally, this study which covers several DENV outbreaks occurring in a period of more than a decade has allowed a comparation of DENV cases infected by three different serotypes and is providing useful data for a more complete analysis of the topic. Our study showed a severity increase of infections caused by DENV-2 as well as in secondary DENV cases. These data may contribute to the implementation of preventive measures during DENV epidemics.
